1 2 CMAS 3D, developed in MATLAB ®, is a program to support visualization of major element 3 chemical data in three dimensions. Such projections are used to discuss correlations, 4 metamorphic reactions and the chemical evolution of rocks, melts or minerals. It can also 5 project data into 2D plots. The CMAS 3D interface makes it easy to use, and does not require 6 any knowledge of Matlab ® programming. CMAS 3D uses data compiled in a Microsoft 7 Excel TM spreadsheet. Although useful for scientific research, the program is also a powerful 8 tool for teaching. 9 10
To use CMAS 3D, data should be compiled in a Microsoft Excel TM spreadsheet (*.xls) that 20 should have the format depicted in the table 1 (this file is called hereafter data.xls). A first 21 column contains the sample name (only one word), the 3 following ones contain the symbol 22
(1 for a sphere and 2 for a cube), the size (8 for a medium size) and the color (between 1 and 23 columns contain the oxides organized in 13 columns in the same order as presented in the On a PC the folder "CMAS_1.2" should be copied on the "C:\" directory, no installation is 6 necessary. A version of Matlab 6.5 ® or younger is required to use CMAS 3D. When 7 MATLAB is open "C:\CMAS_1.2" should be writen in the "Current Directory" (No.1, Fig. 1 ) 8 and then the program is loaded by writing "cmas" in the "Command Window" (No.2, Fig. 1 ). 9
Once the interface of CMAS 3D is open (Fig. 2) , it is ready to be used, as described in the 10 next section. 11 12 First of all empty CMAS tetrahedrons could be generated by selecting a file name and 16 pressing the associated button (No.1, Fig. 2 ), files are stored in the folder 17 "CMAS_1.2\Resultats". Before loading the data file (data.xls), a projection system 18 (O'Hara_moles; O'Hara_wt%; BVSP_81_moles or BVSP_81_wt%) must be chosen from the 19 interface illustrated in Figure 2 (No.1). Then the option "Probe file loading" is selected (No.2, 20 Fig. 2) . This opens a new window that allows the data file (e.g. data.xls) to be chosen; a final 21 window is then opened and an output-file has to be chosen. When the data.xls type file is 22 loaded, the size of the file is written in the central frame (No.3, Fig. 2 ). Two different 23 numbers are present: the first one is the number of samples and the second one, the number of 24 columns (it should be 17). The CMAS coordinates of the samples are written in the 1 "Command Window" (No.2, Fig. 1 ) in percent as: 2
4-Functionalities
These coordinates are also stored at the end of the results file (*.wrl) when it is edited as a text 8 file. 9 Once the mineral is selected, the output-file has to be selected. To add a point from its CMAS 16 coordinates, these coordinates should be written in the four boxes (No.4, Fig. 2 ) and the sum 17 should be 1. A name could be given in the upper case and a color should be chosen just below 18 (No.5, Fig. 2) ; to export, the button "export" should be activated. As above, an output-file 19 should be selected. 20 21 Table 1 ) of the used sample should be written in the three (for a plane) or two (for a line) 7 boxes. For (b), the abbreviation of the minerals should be used ( Table 2 ). Note that both (a) 8
4.3-Adding Lines and Planes
and (b) could be simultaneously used. Once the poles of the line or of the plane are selected, 9 select a color, then the button "export" should be activated and the output-file has to be 10 selected. 11 Table 1 ) or with the abbreviation of a mineral (Table 2) . 2
The "projection pole" definition should be completed in the same way. An output filename 3 should be written in the box "name of the projection output file here". The projection will be 4 activated by pressing the "export" button. The coordinates of the projected samples are 5 written in the "Command Window" (No.2, Fig. 1 ). The fourth column indicates the quality of 6 the projection. The bigger the number is, the closer from the projection pole is the projected 7 point, and the poorer the quality of the projection. A negative value indicates that the pole is 8 between the plane and the projected point. Projection results are stored in the folder 9 "CMAS_1.2\triangle" 10 11
5-Visualization of results

13
The visualization of results should be made with a VRML reader (to read the *.wrl) 14 because the visualization in MATLAB is not so convenient. The files in 15 C:\CMAS_1.2\Results and C:\CMAS_1.2\triangle should be opened with this type of reader. 16
Some free VRML readers are available on the web; we propose to use "Flux Player" freely 17 downloadable at http://www.mediamachines.com (also provided with the supplementary 18 material). The mouse commands to move the tetrahedron are: left button: rotation, right 19 button: displacement, rolling button: zoom. 20
Note that in order to have an image easily modifiable, the names of the apices are not 21 given in the results of the projection. For the projection, the name of the apices must be in a 22 precise order (No.7, Fig. 2) : the first apex name will be the left one, the second one will be the 23 right one and the third one will be the top one. 24 1   2 The proportion of the mineral phases that are involved in a reaction as reagents or as 3 products is represented by the balanced centroid on a line (for two reagents or products), on a 4 plane (for three reagents or products) or in a polyhedron (for more than three reagents or 5 products). A metamorphic reaction is chemically supported only if in the composition plots in 6 the chemical space and so in the CMAS chemical reduced space, the balanced centroid of the 7 reagents and the one of the products have the same coordinates. 8
6-Example
In mantle conditions, in the subsolidus domain, two reactions separate the Seiland 9 subfacies from the Ariegite one (both subfacies being in the spinel lherzolites facies; Fig.3) . 10
These reactions are Opx+Pl+SpGt+Cpx and Opx+Pl+SpGt+Sapph (with Opx: 11 orthopyroxene, Pl: plagioclase, Sp: spinel, Gt: garnet, Cpx: clinopyroxene and Sapph: 12 sapphirine) and are located in the P-T space on Figure 3 . The reaction involving Cpx is well 13 known from granulites and pyroxenites studies (e.g.: Grégoire et al., 1994) and the one 14 involving the sapphirine has been evidenced by Christy (1989) . These reactions are 15 represented in the CMAS tetrahedron by a plane (Opx-Pl-Sp) which is crosscut by a line 16 joining Gt-Cpx and Gt-Sapph, respectively. Cpx and Sapph being situated at the opposite 17 regarding the plane (Opx-Pl-Sp), only one reaction could be effective depending on the 18 position of Gt as regard of the plane. Gt is very close of this plane so precise calculations and 19 graphical representations have to be used to know which reaction is effective. The 20 involvement of Sapph has been reported several times in mantle or in deep crustal domains 21 (Grégoire et al., 1994; Herd et al., 1969; Meyer and Brookins, 1976; Segnit, 1957) and its 22 origin is never very well understood, the use of CMAS 3D allows to resolve such a problem. 23 A pyroxenite xenolith from Morocco (TAK-4) is made of clinopyroxene, garnet, 24 spinel, plagioclase and sapphirine. Electron microprobe data for these minerals (Table 1) have 25 been plotted in a CMAS tetrahedron using CMAS 3D and are presented on the Figure 4 as 1 well as the Opx-Pl-Sp plane. On a projection from the plagioclase pole (Fig.5) , the Opx-Pl-Sp 2 plane (represented as a line) is crosscut by the Gt-Sapph line, showing that these two minerals 3 are the products of a reaction involving plagioclase, spinel and orthopyroxene. The 4 observation that Gt is close to the Opx-Pl-Sp plane implies that the amount of sapphirine 5 formed during the reaction is very small, which is confirmed by microscopic observations on 6 thin sections. The manuscript has been largely improved thanks to the constructive and patient reviews by 21
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